After the extraordinary discovery of the Higgs boson at the LHC, the next goal is to pin down its underlying dynamics by measuring the Higgs self-couplings, along with its couplings to gauge and matter particles. As a prototype model of new physics in the scalar sector, we consider the Two Higgs Doublet Model (2HDM) with CP-conservation, and evaluate the prospects for measuring the trilinear scalar couplings among the CP-even Higgs bosons h and H (λ hhh , λ hhH , λ hHH ) at LHC14. The continuum and resonant production of CP-even Higgs boson pairs, hh and hH, offer complementary probes of the scalar potential away from the light-Higgs decoupling limit. We identify the viable search channels at LHC14 and estimate their expected discovery sensitivities.
Introduction
In Section 5, we turn to a study of associated hH production, which we find to be complementary to the resonant H → hh production. In the hH process, both the triangle and box diagrams in Fig. 1 contribute, with contributions of both h * and H * in the s-channel. The triangle diagrams provide sensitivity to the products of the top-Yukawa and the λ hhH tri-scalar couplings. Depending on its mass, the heavy scalar, H, has several available decay channels that can potential provide identifiable signals, including bb, W W * , ZZ * , and tt. The decay branching fractions of H to these channels are dependent on the mass and Higgs mixing parameters. We perform simulations of these channels and their SM backgrounds to assess the discovery prospects. We find that the following channels all lead to a possible discovery: hH → bbγγ, bbbb, ZZbb, bbtt and bbbbγγ, allowing for a rich variety of measurements. Finally, in Section 6, we summarize our results. In our evaluation of the reach of LHC14, we assume throughout an integrated luminosity of 3 ab −1 . 
The Two Higgs Doublet Model
In this section, we will provide a very brief overview of the 2HDM and the theoretical constraints on the potential (for more comprehensive discussions, see e.g. [7, 8, 9] ). The model consists of two Higgs doublets, which we express as the opposite-hypercharge Higgs doublets Φ 1,2 as follows:
in which the vacuum expectation values (vevs) v 1,2 satisfy the relation v = v 2 1 + v 2 2 = 246 GeV. We follow standard practice and assume for simplicity both that CP is conserved (i.e., is not explicitly or spontaneously broken), and that the theory obeys a softly broken Z 2 symmetry that eliminates quartic terms that are odd in either of the doublets, but allows a quadratic term that mixes Φ 1 and Φ 2 (this is consistent with our eventual specialization to the Type II 2HDM; see e.g. [8] for a detailed discussion of these issues). With these assumptions, the scalar potential takes the following form: some additional freedom can be given in other versions of the 2HDM, such as the Type-I [44] or Lepton specific models [45, 46, 47] . A generic Yukawa aligned model with suppressed tree-level FCNCs is also consistent with the LHC data [48, 49, 50, 51] .
Complementarity of the gauge couplings forces a limit on the value of cos(β − α) from the vector boson couplings of h alone. We find that the combined ATLAS and CMS Run-I data [3] from vector boson coupling measurements provides a lower limit of κ V = sin(β − α) > 0.89 at the 95% C.L., which translates to an upper limit of | cos(β − α)| 0.45.
In the 2HDM illustrations provided, these facts should be kept in mind for the larger values of cos(β − α). For the h state, for simplicity, we assume branching fractions consistent with the SM Higgs boson.
Scalar couplings
The triscalar coupling, λ hhh in the SM takes the value
Recent analyses of measuring this coupling at the LHC via the hh continuum have shown that it may be possible to measure it with an uncertainty of order 30-50% [52, 53] . Substantial deviations away from the SM value allow a better determination due to interference effects [53] .
In the 2HDM, this coupling is altered to
2 h 2v csc 2β(cos(3α − β) + 3 cos(α + β)) − 6M 2 v csc 2β cos 2 (β − α) cos(α + β).
Expanding in the decoupling limit parameter cos(β − α) → 0, the deviation of this coupling from its SM value is a second order effect. It can be cast into the form
in which higher order terms in cos(β − α) have been dropped.
The combination y t λ hhH is the most relevant for the process of interest. The possible values it may take are shown in Fig. 5 for selected values of cos(β − α) = 0.02, 0.05, 0.1 and 0.2. We also show the excluded regions from the direct search of H at the LHC [54] via vector boson decays, and from the search for a resonance in the hh → bbγγ final state [55, 56, 57] .
The scalar couplings involving the heavy CP-even neutral Higgs that are important for additional search channels are given by
As previously discussed, these couplings have no M A and M H ± dependence (as they depend on the combination λ 3 + λ 4 + λ 5 ), and hence our assumption of heavy Higgs mass degeneracy does not affect these couplings. In the decoupling limit, these expressions take the form
neglecting terms of O(cos(β −α) 2 ). Hence, near the decoupling limit the hhH coupling is suppressed while the hHH coupling persists (see e.g. [9, 58] for discussions). This is shown in Fig. 6 , which gives the contours of BF(H → hh); additional details of the H decay modes are discussed in Appendix A. The window of 2m h < M H < 2m t in which the BF(H → hh) is quite large and in some cases already ruled out for low tan β. In Section 4.1, we will see that the discovery potential roughly follows this region, but with a few caveats.
By extracting the λ hhh , λ hhH and λ hHH couplings to some degree of precision, the self-consistency of the scalar model may be tested. More precisely, by measuring the physical masses M h and M H and the heavy Higgs coupling to vector bosons, it is possible to determine whether the expressions given in Eqs. 21, 22 and 23 are self-consistent.
In the subsequent analyses, we will refer to three benchmark points that help elucidate the discovery potential of each channel. The points are summarized in Table 1 . Benchmark point A will illustrate the viability of the H → hh → bbγγ channel, point B the hh/hH → bbγγ and bbbb channels, and point C the hH → ttbb channel. 
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M H tan Β Figure 5 : Contours of λ hhH in the plane of tan β and M H (in GeV) for selected values of the decoupling parameter cos(β − α). Included are the unitarity (gray) and vacuum stability (pink) constraints assuming M = 0.8M H , the direct search exclusion limits (dashed pink) from CMS [54] and the hh → bbγγ resonance search (purple) [55, 56, 57] . Table 1 : Benchmark points of relevant couplings, production cross sections at LHC14 and branching fractions for the channels of interest.
Higgs Pair Production Cross Section
Pairs of neutral Higgs bosons can be generated through two different loop processes (depicted in Fig. 1 ): (i) the triangle diagram where an s-channel Higgs boson decays into two Higgs bosons and (ii) the box diagram where annihilation of two gluons through a square loop produces a Higgs boson pair. The exact expressions for these one-loop diagrams with generic internal/external Higgs bosons (as well as generic heavy quarks) were first computed in Ref. [59] . We have independently confirmed the expressions for the loop diagrams and we present them here just for completeness. Readers interested in the finer details are referred to Sections 3 and 4 of Ref. [59] .
First, let us introduce some notation. Denoting the intial-state gluon momenta as p a,b and the final-state Higgs boson momenta as p j,k , the Mandelstam invariants are given by:
It is also useful to define the quantities
In the discussion to follow, we will reduce all tensor integrals to scalar ones. The pertinent three-and four-point scalar integrals can be written as
in which , m, n label momenta entering the loop.
The matrix element of the triangle diagram can be written in terms of a "coupling" C and a form factor F as:
in which the tensor structure A µν 1 is:
The coupling factor can be expressed as:
with:
in which y HiQQ denotes the heavy quark Yukawa coupling to H i . The form factor F can be computed in closed form, and is given by
in which
The matrix element for the box diagrams can be written in terms of a coupling factor C and two gauge-invariant form factors F and G as:
where A 1,µν is given in Eq. (27) and the other tensor structure takes the form
with
The advantage of writing the amplitude in terms of A µν 1,2 is that it greatly simplifies the calculation of the matrix-element-squared, since
The coupling for the box diagrams is just the product of the two Yukawa couplings of the heavy quark to the two Higgs bosons
while the form factors F and G are given by
and
The differential cross section (averaging/summing over initial/final state spins and colors) then takes the following form:
To obtain the total parton-level cross section, this expression is integrated over the scattering angle of one of the Higgs bosons. Finally, to convert the parton-level cross section to the protonproton cross section, we convolute the former with the PDFs for two gluons and integrate over the momentum fraction of the gluons. For the parton distributions, we use CTEQ 6L1.
Light Higgs pair production simulation
The leading order (LO) matrix elements of the hh subprocesses in Fig. 1 are known [59, 60, 61, 62, 63] . We generate signal events by incorporating the loop amplitudes directly into MADGRAPH [64] , and we include the NNLO K-factor of 2.27 for 14 TeV [65, 66, 8, 67, 68, 69, 70] . We note that in principle, the resonant production can shift the overall K-factor as the ratio σ N N LO /σ LO can be √ s dependent. However, since the K-factor has not been given for this process, we adopt the SM value and assume any shift induced by the H resonance is small. We show the cross section contours of pp → hh with the H → hh resonance in Fig. 7 . The pp → hh cross section can be shifted dramatically away from its SM value by the presence of an extended Higgs sector [71, 72, 73, 74, 75] . The relative competition of the diagrams in Fig. 1 strongly impacts the kinematic distributions with the most apparent coming from the resonant gg → H → hh diagram. Here, if M H > 2m h , the resonance can become prominent, overwhelming the continuum from the gg → hh box and gg → h * → hh diagrams, seen as the large cross section in the 250 − 350 GeV range, above which, the H → tt branching fraction dominates.
We note that the sign of the combination y H t λ hhH determines the shape of the distribution due to the interference with the continuum diagrams. In principle, measuring the H → hh lineshape can determine the sign of y H t λ hhH , further constraining the model. A simple counting of events above and below resonance will provide a handle on the sign of the coupling combination, while more sophisticated fits including the matrix elements are possible, as has been done in the continuum case [53] . For sufficiently heavy H, the lower energy M hh distribution converges to the SM expectation. We explore model independent resonant production of hh in more detail in Ref. [71] .
Each final state Higgs boson in these events is decayed in the narrow width approximation to SM Higgs decay modes. There are a number of potential final states for the Higgs pair, but most suffer suppression due to small SM branching fractions [33] . As noted in Ref. [53] , the bbτ + τ − channel is swamped by the reducible background of bbjj where both light flavored jets fake a τ . While the fake rate is in the range of 1 − 3%, the total cross section of bbjj is at the µb level. Moreover, we neglect the bbW + W − channel due to a small SM significance [76] . The bbbb channel also suffers from a large QCD background, and would only be viable with the use of jet substructure techniques [77] . Therefore, we concentrate on the analysis of the bbγγ channel for the resonant production of hh. Ref. [78] , exploring the same channel, appeared while this work was in preparation.
The hh → bbγγ channel
We simulate the pertinent backgrounds for the bbγγ channel. The irreducible background includes the following production modes:
while the reducible backgrounds include
We assume a photon tagging rate of 85% and a jet to photon fake rate of j→γ = 1.2×10 −4 [79] . We have determined the additional reducible backgrounds of jjγγ and ccγγ are subdominant, therefore they are not included in this analysis.
To account for b jet tagging efficiencies, we assume a b-tagging rate of 70% for b-quarks with p T > 30 GeV and |η b | < 2.4 consistent with multivariate tagging suggested for the LHC luminosity upgrade [80] . We also apply a mistagging rate for charm-quarks as
15 while the mistagging rate for a light quark is:
Over the range 100 GeV < p T (j) < 250 GeV, we linearly interpolate the fake rates given above [81] . With pile-up the rejection rate is expected to worsen by up to 20% [80] . Finally, we model detector resolution effects by smearing the final state energy according to
where we take a = 50% and b = 3% for jets and a = 10% and b = 0.7% for photons.
We apply a multi-variate analysis (MVA) which relies on relevant kinematic variables. We begin with low level cuts, requiring two b-tags and two γ-tags and no tagged charged leptons, with sepa-
is the separation of two objects in the η − φ plane. We further require p T (b, γ) > 30 GeV and |η b,γ | < 2.4.
We define a window within which the MVA will analyze events. This window has the Higgs boson reconstructed in the bb and γγ channels according to:
We extend our analysis to include multiple variables simultaneously. This allows one to in essence blend cuts together rather than perform a hard cut on a kinematic distribution. We form a discriminant based on a set of observables which include:
The discriminant is then constructed by the ratio
in which S(O) and B(O) are the normalized differential cross sections in the observable space O. These differential cross sections are estimated via event generation. The discriminator is evaluated for an event sample, yielding a value close to 1 for signal-like events and close to 0 for backgroundlike events. For the particular choice of A = N B /N S , the discriminant gives the probability of an event being signal [82] . A cut may be placed on the value of D, thereby selecting a relatively high signal event sample. Such a multivariate discriminator can offer similar sensitivity that the matrix-element, or neural network methods allow [83] .
In practice, we apply a simplified version of the discriminant in which we ignore the correlations among the variables. With limited statistics, this allows a more efficient construction of the discriminator, defined as
where {O i } is the combinatorial subset of observables O that go into the multivariate discriminant.
In the MVA results that follow, further optimization may be done by including the correlations between observables, but we adopt this uncorrelated approach for simplicity. We define the level of statistical significance, S, according to [84] 
in which S and B are the number of signal and background events surviving cuts. We maximize S by varying the cut on the discriminator, D cut , which minimizes the choice of A in Eq. 51.
In Fig. 8 , we show the luminosity required to obtain 5σ discovery at the LHC. We find that generally these contours follow the shape of the hh → bb + γγ resonance excluded region (shaded in purple) with Run-I data. The contour with √ s = 14 TeV and 30 fb −1 of integrated luminosity is a close match with the 7+8 TeV exclusion region, with small fluctuations likely caused by different analyses and statistical fluctuations in the data.
The statistical significance expected with 3 ab −1 of integrated luminosity at the LHC is shown in Fig. 9 . A bulk of the parameter space above M H > 2m h can be excluded at the 95% C.L., even near the decoupling limit.
Associated hH production
Associated production of a light-heavy Higgs boson pair is a valuable complement to H → hh resonant production for measuring components of the scalar potential, see Table 2 . This process, by virtue of the scalar coupling, λ hHH , is not suppressed in the decoupling limit as seen in Eq. 25. The Higgs pair production processes that are sensitive to the couplings among the CP-even states. For each scalar coupling, the leading term in the expansion in the decoupling parameter, c β−α = cos(β − α), is also shown.
Both the box and triangle diagrams shown in Fig. 1 can contribute to hH production. For the triangle diagram, we can have either h or H in the s-channel. Unless M H > 2m t and tan β is small, the width of the heavy Higgs is narrow, so there is usually no enhancement for the H diagram by being slightly off-shell. Therefore, all three diagrams are relevant.
As noted in 
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M H tan Β Figure 9 : Contours of the statistical significance with 3 ab −1 of integrated luminosity in the plane of tan β and M H for selected values of cos(β − α). Additional experimental and theoretical constraints are shown as in Fig. 5 .
to the effect of the top Yukawa coupling to H on the production cross section. More precisely, the magnitude of y H t is largest at small tan β, as
The production cross section for the pp → hH process is shown in Fig. 10 . The hH process can proceed to a number of final states. As above, we let the light Higgs decay to either γγ or bb. The preferred final state for H depends strongly on M H , and to a lesser extent cos(β − α) and tan β. For M H < 2m h , H decays predominantly into bb or W W ( * ) /ZZ ( * ) . bb is 20 strongest for small cos(β − α) and large tan β, while W W ( * ) /ZZ ( * ) is most important for large cos(β − α), as is demonstrated by the branching fraction contours shown in Fig. 15 and 17 in Appendix A, respectively. For the H → bb channel, we find that both the 4b and bb γγ channels are viable. We also explore H → ZZ → 4 decays. We choose ZZ → 4l despite its small branching ratio because it has small backgrounds and allows for straightforward event reconstruction. However, this limits us to choosing h → bb in order to have a detectable number of events at the LHC. Above 2m t , H decays primarily to t-quarks, with a branching fraction that surpasses 90% for small tan β (see Fig. 16 in Appendix A). The most viable channel in this region is tt bb, with at least one of the tops decaying leptonically to reject background. Between 2m h and 2m t , the hH → hhh → 4b γγ is important, as we would expect from the results of the resonant H production analysis. The H → bb and H → ZZ channels are weaker but are possibly still viable in this region as well.
We simulate the pp → hH signal using MADGRAPH as described in Section 4 and compute the expected LHC reach for 3 ab −1 at 14 TeV. In Fig. 11 , we show the expected 95% CL and 5σ contours for the bbγγ, 4b, ZZbb 4bγγ, ttbb (1 lepton), and ttbb (2 lepton) final states. As the coupling λ hHH is not suppressed in the decoupling limit, we find that our sensitivity is actually best for small cos(β − α). Indeed, for the smallest values of cos(β − α), we find that LHC will be able to probe essentially all of the allowed parameter space at the 95% CL. Even for larger values of cos(β − α), the LHC will be sensitive to up to tan β ∼ 2 over a wide range of M H .
In the following sections, we describe our background simulations and selection cuts for each channel. Throughout the analysis, we use the efficiencies and fake rates described in Section 4.1. We also include a lepton to photon fake rate of e→γ = 6.2% [85] . Additionally, we apply the baseline cuts on ∆R and p T from the resonant bbγγ analysis to all five channels, and add the following cuts for leptons: ∆R ab > 0.2, p T ( ) > 20 GeV, and |η | < 2.4.
The hH → bbγγ channel
The low-mass region is probed by the H → bb channel. First let us consider the case where h → γγ. The h → γγ branching fraction is extremely small (2.3 × 10 −3 ), but requiring photons in the final state also reduces the background significantly. The irreducible backgrounds include
while the reducible backgrounds are We require exactly two photons and two jets, with both jets b-tagged. Then we apply a multivariate analysis after incorporating the following basic cuts:
The first of these cuts isolates the light Higgs resonance, while the second rejects Z/γ * → bb, as well as a significant portion of the continuum background.
From here, the procedure is exactly as it was in the resonant case discussed in Section 4. Specifically, we form over a discriminant
The expected LHC significance for L = 3 ab −1 is shown in blue in Fig. 11 . The reach is extremely good for M H < 400 GeV, especially for small cos(β − α), where we achieve 95% C.L. significance beyond tan β ≈ 5. The cross section falls of rather quickly with cos(β − α) due to the cos(β − α) and tan β dependence of the bottom Yukawa coupling to H, which is
Hence, y H b is enhanced for large tan β, and this effect is strongest for small cos(β − α).
The hH → 4b channel
We also consider the case where H → bb, but the light Higgs decays to bb instead of γγ. The signal is much larger than in the bbγγ case, but the QCD background is large as well. With appropriate cuts, we find that the two channels are comparable in significance. The irreducible backgrounds in this case are given by
The main reducible background is pp → bbjj, with the jets faking b quarks. We also considered the 4j, ttbb, and Zh, and W h backgrounds, but found them to be negligible.
We use a cut-based analysis. We require exactly four jets, all b-tagged. While the b-tagging efficiency is low, we find that all four b-tags are necessary to sufficiently reduce the light jet backgrounds. Since we have more than two b quarks in the final state, care must be taken in reconstructing the parent Higgs bosons. We identify the decay products of the light Higgs by minimizing |M bi,bj − m h | over all possible pairs b i , b j ; we label the resulting pair as b 
The ∆R cuts help isolate the signal from background. The light Higgs recoils against the heavy Higgs, so the two tend to have large p T and be well-separated in the φ − η plane. Since M H > m h m b , the Higgs decay products tend to be cluster, especially for the light Higgs. Therefore the ∆R distributions will be peaked at small values. Furthermore, the ∆R cuts also improve the reconstruction of M H by ensuring the b quarks have been correctly paired. In Fig. 12 , we show the normalized ∆R distributions for both pair of b quarks for M H = 300 GeV, tan β = 2, and cos(β − α) = 0.1 before cuts. In Fig. 13 , we show the invariant mass distribution for the reconstructed heavy Higgs after the ∆R cuts for the same benchmark point. The expected LHC significance for L = 3 ab −1 is shown in purple in Fig. 11 . The 4b channel is slightly stronger than the bbγγ channel. As in the bbγγ channel, the reach at large tan β is good due to the high BF (H → bb) in that region.
The hH → ZZbb channel
A complementary channel in the low-mass region is H → ZZ → 4 , h → bb. The only significant background is pp → ttZ,
with the tops decaying leptonically. The potential ZZh, ZZjj and W W Z backgrounds are negligible. There are also contributions to the signal from h → ZZ * , H → bb, but they are subdominant except for a small region with M We require four leptons and two b-tags in our final state, then use the MVA to isolate the signal from the background. Our MVA variables are
The missing transverse energy variable is particularly important in this case, since ttZ has the same visible particle content as ZZbb, but with missing energy from the W → ν decays. This channel is promising for moderate values of M H , especially for larger cos(β − α). The LHC 3 ab −1 significance is shown in brown in Fig. 11 .
The hH → hhh → 4bγγ channel
The 4bγγ backgrounds are fairly small. The relevant backgrounds are
Backgrounds with higher light jet multiplicities are negligible due to the small j → γ and j → b fake rates.
Our initial selection requires exactly four b-tagged jets and two photons. The diphoton invariant mass must satisfy
This cut is sufficient to optimize the cut-based significance, reducing the background to only ∼ 2 events for 3 ab −1 . However, we can better reconstruct the heavy Higgs mass with an additional cut. First we pair the b quarks by minimizing |M bi,bj − M h | over all possible pairs b i , b j , as in the 4b final state. We denote the three reconstructed light Higgs bosons as (h γ , h b1 , h b2 ), where
If we compute ∆R(h i , h j ) for each of the reconstructed light Higgs bosons, we find that the distribution is peaked at low ∆R and near ∆R ≈ π. This corresponds to two light Higgs bosons from the H decay being clustered together and the other h recoiling against the H → hh system. We therefore require that exactly one pair (h i , h j ) satisfy
and use that pair to reconstruct the heavy Higgs.
The expected LHC significance for L = 3 ab −1 is shown in green in Fig. 11 . Unsurprisingly, the significance contours run parallel those found for the H → hh resonant case.
The hH → bbtt channel
To explore the M H 2m t region, we consider the bbtt final state. The irreducible backgrounds include:
We also include the reducible background pp → jjtt.
We require four b-tags in our final state. At least one of the top quarks must decay via t → bW → b ν. We allow the other top to decay to bjj or b ν. Thus our final state must include either 4j + 2 + / E T or 6j + + / E T . As above, we reconstruct the light Higgs by minimizing |M bi,bj − m h | and requiring that this pair of b quarks satisfies
The other two b quarks are assumed to come from top decays. The ∆R(b
is very peaked in this channel, since H must be heavy to allow for tt decays. This leads to a more boosted light Higgs than in the previous channels, and therefore more closely clustered b quarks.
In the one-lepton channel, we apply additional cuts. We can reconstruct the tops by minimizing |M (b i jj) − m t | over the remaining two b quarks. Let M (t h ) = M (bjj) and and
Finally, we define a signal region that varies with M H :
In Fig. 14 , we show the transverse mass of the top quark pair after cuts for cos(β − α) = 0.02, tan β = 1, and M H = 500 GeV. The one-lepton channel is stronger than the two-lepton channel due to the relatively small branching fraction for W → ν. The expected LHC significances for L = 3 ab −1 are shown in red and orange in Fig. 11 . The reach decreases slowly with M H , and it should be possible to probe above M H = 1 TeV for tan β < 2 at the LHC.
Conclusions
We have investigated two types of Higgs pair production within the CP-conserving Type-II 2HDM: the resonant production of an hh pair, and the associated production of an hH pair. We included theoretical constraints from requiring perturbative unitarity and a bounded scalar potential, as well as LHC constraints from the direct heavy Higgs search and the X → hh search. We have made the simplifying assumptions that M H = M H± = M A ,and M = 0.8M H and have presented our results in terms of the remaining free parameters: M H , tan β, and cos(β − α).
For the resonant case of pp → H → hh, the reach in the bbγγ channel for 30 fb −1 at LHC14 is comparable to the current limits on X → hh, as expected. With 3 ab −1 , the coverage extends to tan β ≈ 2 and M H ≈ 350 GeV near the decoupling limit. For large tan β, the reach improves so that a majority of the theoretically allowed region above M H = 2m h may be probed. This is because the H → hh rate is governed by the λ hhH coupling, which behaves as cos(β − α) to leading order and is suppressed in the decoupling limit.
The associated production case, pp → hH, offers a variety of interesting channels to explore. Near the decoupling limit, the LHC14 reach is excellent due to the non-decoupling nature of the λ hhH scalar coupling. Due to the potentially large mass difference between light and heavy Higgs states, the h is often boosted when M H m h , resulting in decay products which have small separation. This is contrary to the common backgrounds, which contain more dispersed jets and leptons, resulting in a quite clean differentiation between signal from background. In the low mass region, M H < 2m h 250 GeV, the H → bb, h → bb/γγ channels cover the entire allowed range of tan β. The Hh → ttbb channels cover the high mass region, M H > 2m t 350 GeV. For larger values of cos(β − α), the sensitivity in these channels decreases due to the increased BF (H → W W/ZZ), when kinematically allowed. However, H → ZZ and H → hh improve the reach in this region.
In our analysis, we selected three benchmark points that illustrate the discovery potential for different channels, which were presented in Table 1 . Point A, for which M H = 300 GeV, tan β = 2, and cos(β − α) = 0.1, demonstrated the viability of the H → hh → bbγγ channel due to the large BF(H → hh). A secondary channel that is viable is the Hh → bbbb mode. Point B, for which M H = 300 GeV, tan β = 1, and cos(β−α) = 0.02, highlighted the hh/hH → bbγγ and bbbb channels. The large BF(H → bb) provides a sizable rate to the bbγγ and bbbb final states. The hh → bbγγ channel has high significance due to the large production cross section of pp → hh. Point C, for which M H = 500 GeV, tan β = 1, and cos(β − α) = 0.02, highlighted the hH → ttbb channel. In this case, BF(H → tt) is large, allowing a sizable rate for the final state. We present the statistical significance for these points at LHC14 with 3 ab −1 of integrated luminosity in Table 3 .
Ultimately, the results of our analysis demonstrate that there is a large region of the CP-conserving Type-II 2HDM parameter space that is currently unconstrained, but should be testable by the LHC 14 TeV run. Resonant production of hh pairs and associated production of hH pairs are orthogonal probes of the 2HDM scalar potential. By considering both production modes, along with the continuum production of hh pairs, the LHC should be able to measure the three triscalar couplings (λ hhh , λ hhH , λ hHH ). These coupling measurements can then be checked for consistency with a given model in order to illuminate the structure of the underlying scalar sector. leading to the branching fractions that are calculated in the usual way
where XX = V V, bb, tt, τ + τ − and hh. We list in Figs. 15, 16 , and 17 the contours of branching fractions in the selected parameter planes for bb, tt and V V , respectively. The branching fraction to hh is shown in Fig. 6 in Section 2.2.
